Context: Payers, policy makers, and professional organizations have launched a variety of initiatives aimed at improving hospital quality with inpatient surgery. Despite their obvious benefits for patients, the likely impact of these efforts on health care costs is uncertain. In this context, we examined relationships between hospital outcomes and expenditures in the US Medicare population. Methods: Using the 100% national claims files, we identified all US hospitals performing coronary artery bypass graft, total hip replacement, abdominal aortic aneurysm repair, or colectomy procedures between 2005 and 2007. For each procedure, we ranked hospitals by their risk-and reliability-adjusted outcomes (complication and mortality rates, respectively) and sorted them into quintiles. We then examined relationships between hospital outcomes and risk-adjusted, 30-day episode payments. Results: There was a strong, positive correlation between hospital complication rates and episode payments for all procedures. With coronary artery bypass graft, for example, hospitals in the highest complication quintile had average payments that were $5353 per patient higher than at hospitals in the lowest quintile ($46,024 vs $40,671, P < 0.001). Payments to hospitals with high complication rates were also higher for colectomy ($2719 per patient), abdominal aortic aneurysm repair ($5279), and hip replacement ($2436). Higher episode payments at lower-quality hospitals were attributable in large part to higher payments for the index hospitalization, although 30-day readmissions, physician services, and postdischarge ancillary care also contributed. Despite the strong association between hospital complication rates and payments, hospital mortality was not associated with expenditures. Conclusions: Medicare payments around episodes of inpatient surgery are substantially higher at hospitals with high complications. These findings suggest that local, regional, and national efforts aimed at improving surgical quality may ultimately reduce costs and improve outcomes.
quality improvement. Among many examples, the Centers for Medicare and Medicaid Services and many private payers have enacted pay-for-performance programs to enhance hospital compliance with evidence-based perioperative care and, in some instances, large collaborative quality-improvement initiatives. 3, 4 Professional organizations, including the Society of Thoracic Surgeons and American College of Surgeons, are disseminating outcomes reporting and feedback systems, like the National Surgical Quality Improvement Program. 5 Despite the obvious value of these programs for surgical patients, their likely effects on health care costs are uncertain. Relationships between hospital quality and payments for inpatient surgery are not well characterized. On the one hand, caring for patients with postoperative complications is resource intensive and expensive. According to one study, the average cost of surgical complications exceeded $10,000, most of which is passed along to payers. 6 Such data imply that higher-quality hospitals would tend to be associated with lower expenditures. On the other hand, achieving superior outcomes in surgery may require that hospitals invest in expensive resources, such as intensivist-staffed intensive care units, high nurse-to-bed ratios, advanced technology, and specialist services. 7, 8 To the extent that such investments are directly or indirectly passed along to payers, higher-quality hospitals would tend to have higher expenditures.
A better understanding of relationships between hospital quality and payments would be essential for anticipating the financial consequences of selective referral and quality-improvement initiatives focused on inpatient surgery. In this context, we studied relationships between hospital outcomes and 30-day Medicare payments in patients undergoing 4 common inpatient procedures.
METHODS

Subjects and Databases
This study was based on complete Medicare claims data for patients undergoing selected inpatient procedures between 2005 and 2007. Because services provided to Medicare-managed-care patients are not consistently captured in claims files, such patients (approximately 16%) were excluded from our study. We also excluded patients younger than 65 years or older than 99 years and those not enrolled in both Medicare parts A and B at the time of their procedures (approximately 4%). Finally, to avoid skewing our accounting of payments for postdischarge ancillary care, we excluded the small percentage (<1%) of patients who were nursing home residents or in hospice before surgery.
We focused on patients undergoing the following 4 procedures: coronary artery bypass grafting (CABG), elective hip replacement, elective abdominal aortic aneurysm (AAA) repair, and colectomy. Patients undergoing each procedure were identified from the inpatient file on the basis of the presence of the appropriate procedure codes from the International Classification of Diseases, Ninth Revision. Towere excluded from the elective AAA cohort, as were patients with hip fractures from the hip replacement cohort. The colectomy sample was restricted to patients with codes indicating colon cancer, the most common indication for this procedure. The study cohorts included patients undergoing the 4 procedures between January 1, 2005, and November 30, 2007. To ensure complete, postoperative payment data, we did not include patients having surgery in December 2007.
Assessing Hospital Quality
Hospital quality, the main exposure variable in this analysis, was assessed in terms of both complication rates and mortality. Because we hypothesized that cost-outcome relationships may differ between the 2 types of outcomes, we conducted these analyses sequentially on the basis of separate hospital rankings.
In determining hospital mortality rates, we identified all deaths occurring before hospital discharge or within 30 days of the index procedure. Case-mix adjustment was performed using multiple logistic regression, accounting for clustering of patients within hospitals. We adjusted for patient age, sex, race, admission acuity, and preoperative length of stay. To account for differences in procedure mix (eg, 2-vessel vs 4-vessel CABG), our models included the primary procedure code. Using codes developed by Elixhauser et al, 9 individual comorbidities were also considered for inclusion in the risk adjustment models. To minimize chance variation, hospital mortality rates were reliability-adjusted, using methods described in detail elsewhere. 10 The net effect of reliability adjustment is to regress the mortality rates of small hospitals toward the overall mean and place disproportionately greater weight on the more reliable mortality rates of hospitals with larger caseloads. Finally, hospitals were ranked by their risk-and reliability-adjusted mortality rates and sorted into quintiles.
Hospitals were ranked and sorted by their complication rates in an analogous fashion. As in our previous work, 11 complications were determined using a subset of serious complications from the Complication Screening Project of Iezzoni et al, 12 believed to have acceptable sensitivity and specificity based on medical chart review, including pulmonary failure, pneumonia, myocardial infarction, deep venous thrombosis/pulmonary embolism, acute renal failure, postoperative hemorrhage, surgical site infection, and gastrointestinal bleeding. 13 Hospital rankings were conducted separately for each procedure. Because hospital outcomes are not perfectly correlated across specialties, individual hospitals often appeared in different quality quintiles, depending on procedure.
Calculation of Medicare Payments
We focused on payments, not submitted charges. Consistent with MedPAC's approach, we extracted payment information for all service types from the date of hospital admission for the index procedure to 30 days from the hospital discharge date. Payment data were abstracted from the inpatient, outpatient, carrier (ie, physician), home health, skilled nursing facility, long hospital stay, hospice, and durable medical equipment files. Payment data obtained from these files were then collapsed into 4 discrete categories: index hospitalization, readmissions, physician services, and postdischarge ancillary care.
For the index hospitalization, we included both the diagnosis related group (DRG) payment and outlier payments when present, as described previously.
14 DRG payments were determined from the Medicare Price Amount, which reflects the actual hospital payment amount plus any applicable patient liability amounts. Payments for readmissions were determined in a similar fashion. We included all hospital payments for unplanned readmissions initiated within 30 days of discharge after the index procedure, even when hospital stays extended beyond that time window. For payments to home health care and rehabilitation hospitals, however, we prorated the episode price amount to include only payments occurring within our 30-day window. Payments to skilled nursing facilities were determined on the basis of per diem payments occurring within the same time window.
Analysis
We used multiple logistic regression to assess relationships between hospital mortality and episode payments, and between hospital complication rates and payments. Quintiles of risk-adjusted hospital mortality and complication rates, respectively, served as the exposure variable in this analysis. Episode payments, with and without price standardization, were examined at the patient level. In assessing relationships between hospital outcomes and payments, we adjusted for patient characteristics, using robust standard errors to account for clustering of outcomes within hospitals.
We used sensitivity analysis to assess the robustness of our findings in 2 regards. First, in estimating episode payments, we examined the effects of price standardization and removing intended sources of variation in hospital payments. These include adjustments made by the Centers for Medicare and Medicaid Services for regional prices and cost of living, direct and indirect costs of graduate medical education, and caring for the uninsured (so-called disproportionate share payments). Price standardization was conducted using methods previously described by our group, 14 which were in turn derived from methods developed by the Dartmouth Atlas of Health Care. 15 After price standardization, relationships between hospital outcomes and payments were slightly weaker than in our main analysis, suggesting that hospitals with higher unit prices had, on average, higher complication and mortality rates. Because these findings did not alter our main conclusions; however, they are not presented herein.
Second, we recalculated 30-day episode payments after removing postdischarge services performed for diagnoses likely unrelated to the index inpatient procedure. Such services accounted for less than 5% of total episode payments and their exclusion did not alter conclusions from the main analysis.
This study was judged exempt from human subject review by the institutional review board of the University of Michigan.
RESULTS
Hospitals were ranked and sorted into quintiles by their riskand reliability-adjusted rates of mortality and complications. As seen in Table 1 , predicted risks of each outcome type varied little across hospital quintiles, indicating very small differences in case mix across hospitals. In contrast, actual rates of mortality and complications varied widely across hospital quintiles. With colectomy, for example, complication rates varied from 12.6% to 28.8% from the lowest to highest hospital quintile.
Hospital complication rates were strongly correlated with riskadjusted episode payments for each procedure (Fig. 1) . With CABG, for example, hospitals in the highest complication quintile had average payments that were $5353 per patient (13%) higher than those at hospitals in the lowest quintile ($40,671 vs $46,024, P < 0.001). Payments to hospitals with high complication rates were also higher for colectomy ($2719 per patient), AAA repair ($5279), and hip replacement ($2436).
The types of services accounting for higher payments at hospitals with high complication rates varied by procedure (Table 2) . Payments for the index hospitalization accounted for the majority of increased payments for all procedures except hip replacement (which is associated with only 1 DRG level). For example, payments for the index hospitalization explained 70.3% of the excess payments to hospitals with high complication rates with AAA repair. Postdischarge ancillary care, including rehabilitation services, accounted for 50.2% of excess payments with hip replacement but a much smaller share of expenditures with the other 3 procedures. Surprisingly, 30-day readmissions explained only 6.8% to 15.2% (depending on procedure) of increased average payments at hospitals with higher complication rates. Physician services accounted for a similar proportion of increased payments associated with hospital complication rates. In contrast to the strong association between complications and payments, hospital mortality was not related to expenditures. As seen in Figure 2 , average episode payments were essentially flat across quintiles of risk-and reliability-adjusted hospital mortality for each procedure.
DISCUSSION
Findings from this study suggest a relationship between hospital quality and cost with inpatient surgery. Hospitals with higher complication rates had total episode costs that were approximately $2436 to $5353 higher than those with lower rates, depending on the procedure, accounting for 11% to 19% of total episode payments. Because more than 45 million procedures are performed each year in US hospitals, 16 even small improvements in efficiency-through quality improvement or other means-would be associated with substantial savings at the population level.
It is not surprising that complications are associated with increased costs. Dimick et al 17 used resource-based cost accounting methods to assess the financial impact of complications after general and vascular surgery at a large referral center. Although some types of complications were more costly than others, 17 the average cost exceeded $10,000, the large majority of which was passed along to payers. 6 Because this study assessed only facility costs related to the initial hospitalization, however, it undoubtedly underestimated the true cost associated with adverse outcomes after inpatient surgery. As reflected in our findings, physician services, readmissions, and postdischarge ancillary care also contribute significantly to the increased costs associated with surgical complications.
Although complications are clearly associated with increased costs for individual patients, there has been surprisingly little research examining relationships between quality and costs at the hospital level. Previous work by our group documented that lower-quality hospitals with CABG had higher rates of so-called outlier payments, one important component of facility reimbursement for patients with complicated hospital stays. 18 In another study, lower-quality hospitals with kidney transplantation had episode payments that were $1185 higher than those at higher-quality centers. 19 Finally, Ho and Aloia 20 studied relationships between procedure volume-a surrogate of quality-and costs with inpatient cancer surgery. Higher-volume surgeons had substantially lower costs for most procedures, although associations between hospital volume and costs were weaker and inconsistent across procedures.
In contrast to the strong relationships between hospital complication rates and costs, hospitals with higher mortality did not have significantly higher payments around surgical episodes. Among potential explanations for this null finding, surgical deaths may simply be too infrequent to have an important impact on average payments. So-called "failure to rescue" is another possible reason. A hospital's mortality rate reflects not only how frequently its patients experience major complications but also how successfully it manages patients once complications occur. 21 Although patients with complications are uniformly more expensive than those without such events, patients who die after complications may be less expensive than patients who are "rescued" after complications, who often require long stays in the intensive care unit and other expensive resources.
An important limitation of this study is its reliance on claims data and the attendant risks of confounding by differences in case mix across hospitals. In other words, some hospitals could have both higher complication rates and higher episode payments because they care for "sicker" patients. Although we found no important differences in measurable risk factors across hospital groups, we cannot exclude the possibility of unmeasured differences in illness sever- ity across hospitals. To minimize this risk, we applied numerous restrictions to make our procedure cohorts as homogenous as possible and applied risk adjustment to both hospital outcomes and costs. In addition to accounting for the measurable clinical characteristics of patients at the time of surgery, we adjusted for their expenditures in the 6 months before surgery. We would expect this latter adjustment to capture aspects of patients' health related to both their risks of complications and their "costliness." Although we do not believe that confounding by case mix explains the main findings of this study, payers and policy makers will nonetheless need to be careful that bundled payment policies do not unfairly penalize hospitals caring for sicker patient or otherwise encourage "gaming" (eg, surgeons avoiding high-risk patients).
Another limitation pertains to the coding of postoperative complications in claims data, which is often imprecise or incomplete. 22 To minimize problems in this regard, we limited our assessment to a subset of serious, relatively discrete complications. Random errors in the coding of these complications would be expected to bias our results toward the null hypothesis-no differences in episode. It is conceivable that high-cost hospitals code complications more diligently to enhance DRG assignment and payments, but simple upcoding cannot explain their higher payments for physician services, readmissions, and postdischarge care.
Policy Implications
Findings from this study have direct implications for ongoing initiatives aimed at improving surgical quality and reducing costs. For many years, payers and purchasers have been encouraging selective referral of patients requiring certain high-risk procedures to higher-quality hospitals, through public reporting, so-called Centers of Excellence programs, and patient-directed financial incentives. 2 Our findings suggest that in addition to improving patient outcomes, such initiatives have the potential to steer patients to lower-cost hospitals, particularly if based on quality measures that incorporate hospital complication rates.
Our findings also have implications for episode-based bundled payments for inpatient surgery, now being implemented by the Centers for Medicare and Medicaid Services and other payers. 23, 24 By lumping reimbursements for inpatient surgery into a single payment to hospitals, physicians, and other caregivers, bundled payments are intended to provide new incentives for providers to work together in coordinating care, improving quality, and eliminating unnecessary costs. Of course, results from this study do not suggest that cutting payments to health systems with high average episode payments would lead directly to better outcomes-any more than cutting budgets at high-cost, poorly performing schools would lead directly to better student test scores. Nonetheless, our analysis indicates that the "pain" of bundled payments will be borne disproportionately by hospitals with higher complication rates, which, at the very least, will foster stronger incentives toward improvement.
Finally, and perhaps most importantly, results from this study suggest the "business case" for local, regional, and national initiatives aimed at improving surgical quality. Quality measurement and improvement initiatives led by professional organizations and payers have had demonstrable effects in improving patient outcomes with inpatient surgery. The dissemination of such initiatives has been limited by their costs; however, for example, the cost of hospital participation in American College of Surgeons-National Surgical Quality Improvement Program or one of the Michigan collaborative improvement programs is often as high as $200 a patient. 4 Findings from this study that poor quality may add thousands to average payments around episodes of inpatient surgery suggest that the current cost of quality measurement and improvement may be a bargain.
